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7.6 feet above a t  Wenatchee, Wash. The mean stage was 0.5 
foot lower than in March at Vancouver, 2.4 feet higher a t  Uma- 
tilla, and 8.1 feet higher at Wenatchee. At Vancouver the 
river rose from 9.5 feet on the 7th to 16.9 feet on the 30th, a t  
Umatilla from 10.4 feet on the 7th to 18.1 feet, on the 30th, ancl 
a t  Wenatchee from 13.0 feet on the 12th to 27.3 feet on the 30th. 
At the end of the month the annual rise of the Columbia is well 
under way. While the water is a t  a stage where much damage 
might have been clone, warnings have been issued ever since the 
rapid rise began with the result that, so far, no losses have heen 
reported and all parties interested are being notified of probable 
future stages by means of telephone, river bulletins, and the 
river forecasts that are being published in the claily papers. 

The ,Snake Riuer.-The mean of the daily stages, a t  the vari- 
ous stations, for the month, was about the same as for March, 
but from 3.0 to 5.0 feet above the normal for April. The water 
was a t  its lowest on the 6th ancl a t  its highest on the 30th. A t  
Lewiston, Idaho, i t  rose from 9.3 feet on the 6th to 15.6 feet on 
the 27th. The Snake River was navigable to freight and pas- 
senger boats as far up as Asotin, Idaho. 

The Willamette River.-The mean stage ranged from 0.4 foot 
below the norinal a t  Eugene to  2.0 feet below at  Albany and 
Salem, but at Portland, where the stages were determined by 
the height of the Columbia, it was 2.8 feet higher than usual for 
this period. The stage of the Willamette averaged generally 
about 3.0 feet lower than for March of this year. Escept at 
Portland, where they were about the same as a t  Vancouver, the 
claily stages a t  the reporting stations variecl little from the mean 
stage for the month which was 5.0 feet a t  Eugene and about 4.0 
feet a t  Albany ancl Salem. The only rains in the valley that 
were sufficiently heavy to affect the run-off occurred from the 
7th to the 12th. 

. MISCELLANEOUS PHENOMENA. 

The prevailing winds were from the southwest. There was 
an excess of sunshine, except in western Washington where the 
amount fell slightly below the normal. The percentage of 
possible sunshine was 63 at  Spokane, 39 at  Seattle, ancl 55 at 
Portland. Killing frosts were general on the 14th ancl 38th; 
vegetation, however, wm in excellent condition at  the close of 
the month. Thunderstorms accompanied by hail were reportecl 
a t  many stations on the 2d ancl 10th. Several forest fires 
occurred in Washington during the latter part of the month. 
There were no very high winds reported. 

A light earthquake shock was noted at Anaconda, Mont., on 
the 19tl1, about 1:30 a. m. 
SNOWFALL CONDITIONS AND THE PROSPECTIVE WATER SUPPLY; 

UPPER COLUMBIA RIVER. 
Bifterrod Basin.-The flow of water during April was greater than nor- 

nial; it had begun to  decrease at the end of the month. Thestock of snow in 
the higher mountiiins is reported materially depleted and the prospect for :I 
nornixl water flow later in theseason is quite unfavorable. 

Flalhead Basin.-Stream flow below normal during April itnd decreasing 
at the close of the month. The indications are that the later run-off d l  Le 
bclow normal, ar the snow in the high mountains has been reduced by the 
warm weather t o  such a n  extent as t o  probably l e n  materially the Itrte 
flow of water. 

nlissoda Basin.-Fkports are unfavorable, escept in the vicinity of Ellis- 
ton In general the April flow was above normal and the snow supply was 
depleted by the warm weather. 
Deer Lodge.-The stock of snow has been materially reduwd and, unlisq 

there is a great deal of snow and rain in hlay and June, all the streanis will be 
below normal. 

Deborgia.-There will not be the normal flow of water this season u n l m  
supplemented by  rain. Snow going vwy fast and the quantity much ICUY 
than in former years. 

EZliston.4tream flow about normal, derreasing at cnd of month on xc- 
count of the cold weather. The stock of snow has been reduced Poniewhat, 
but there is more left on the mountains than at this time last year. Therc 
will be above the normal water flow the remainder of the season, because of 
the greater amount of snow, due to  there being no rains this spring to start 
the snow and the springs. 

CZarke Baain.-Conditions are very favorable for normal watcrflow. 
The amount of snow on the Divide north of the Clarke is r:ported to  be 
much above normal. 

Nixon.-The stock of snow has not been depleted by the warm weather. 
Owing to the solid condition ,of the snow and bhe amount in the higher 
rangs the prospect for a good supply of water is excellent. 

TRompon.-The st.ock of snow in the high rang= has not been depleted 
and there seems to he an unusual amount in these regions. The flow of 
water should thcrcfore be normal for t.he rest of the season. 
IRRIGATION PROJECT IN EAGLE AND PINE VALLEYS, OREGON. 

Mr. E. M. Blake, general manager of the Eastern Oregon 
Irrigation Company, furnishes the following information re- 
garcling the scope of the work to be unclertaken by his company 
in Baker County, Oreg., during the coming summer. This 
project has been approved by the State engineer, and it is 
being financed by people living in Chicago: Cleveland, and 
Boise : 

The irrigation projert being undertaken by the Eastern Oregon Irrigation 
Company comprises about 22,000 mres of dmert lands, which have heen 
segrcgat.ed under the ternis of the Carey Act, in townships S and 9 south, 
ranges 45, 46, 47, and 4S east of the Willamette meridian. In addition to 
this Carey Act land about 7,MO acrm of private lands, held under the terms 
of the Deyert and HomeJt.ead Acts, come under the canal and will be w a k e d  
by t.hr Company. Most of this land is side-hill land, especially adapted to 
t!ie succesful raising of fruit for which the two valleys are already noted. 
S o m ~  of the slopes are rt.9 high a.9 30", but the nature of the soil is such 
as to prevent erosion evcn on thwe steepslopes, and already thereexist high- 
grade orchards in t.he valleys on slopes as steep as this. The soil is a basaltic 
and volcanic ash with just a slight admisture of clay, and.when irrigated is 
n.3 fertile a.q any soil to  be found in the nort.hwest. 

The company proposes to  construct n concrete diversion dam aero= Eagle 
Creek at a point in section 27, township 7 south, range 14 east of Will% 
mette meridian. From this point thecanal will followthe east side slopes of 
t.he Valley of Engle Creek for adistance of about 9 miles before reaching the 
first of the lands t o  be irrigated, cont.inriing on t o  cover approximately 
30,000 acres of land in Eagle and Pine valleys. The det.ails of construction 
cover .several siphons, some fluming, and possibly one or two tunnpls if di+ 
tance can thereby be shortened, which will be determined as soon as the final 
surveys can be completed. In all there will probably be about 2.3 miles of 
main canal. 

The drainage area above the point of diversion c6vera the watershed of 
the Granit.e Mount.ains and the high hills and niount,ains of the Banger, 
Sparta, and Cornucopia mining dist.rirts. running up to  the Divide between 
Eagle Creek and the Imnaha River. The esact, area of this watershed has 
never been determined, but i t  is approsimately 150 square miles. The aver- 
age annual rainfall, so far n.3 it can be stated from the available data, is about 
16 inches, but this is mostly in the form of snow which does not melt until 
very late in theseason. In fact, Eagle Creek keeps up  its large flow until late 
in July of each year, storage being required for a period of only about 30 days. 
The percentage of run-off t.0 rainfall is very high and Eagle Creek is known 
n.3 one of t.hc best and most constant streanis in the State. The State engi- 
neer is at the present t h e  making a water survey of all lands watered from 
Eaglr Crcck by arrangement with t.his company. This will be the first step 
in adjudicating the water rights on Eagle Creek in order that  the company 
may determine accurately how much storage must be provided. Storage 
sites csist above the points of diversion which will be surveyed this spring, 
probsbly in conjunction with the surveying psrty of the State engineer. 

COOPERATIVE INVESTICIATIONS OF WATER SUPPLY 
AND ITS RELATIONS TO THE DEVELOPMENT OF 
CENTRAL OREWN. 

By J. r .  MTEVLKW. Dhtrirt Enginrer, IT. X. Cieologiral Siirvey. 

Central Oregon h:ts long held the distinction of being the 
largest area in the United States without railroacl transporta- 
tion. The present indicat.ionr; are that this clistinction will not 
attach to it much longer. 

The latent resources of this large area are fast attracting the 
attention of homeseekers and those desiring to invest in the 
clcvelopinent of these resources. Perhaps the most iniportant 
development will be along agricultural lines. The territory is 
an arid one, and irrigation is necessary. While there is a con- 
siderable area that can be utilized for profitable clevelopnient 
under dry farming processes, the crops resulting from irrigated 
agriculture will far esceecl those from the dry farms. 

The water supply of this territory is distributed with no de- 
gree of uniformity. There is a comparatively small area that 
can be irrigated by individual effort. On the other hand, there 
are large areas that! can be irrigated as coinmunit,y enterprises. 
Under the provisions of the Carey Act large areas are already 
in a state of development by corporations who have contracted 
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with the State for this work. These, of course, cover Govern- 
ment or State lands. I n  other sections there are favorable 
opportunities for irrigation of lands already in private owner- 
ship. Such enterprises will require an investment of compara- 
tively large amounts of capital. Heretofore such investments 
have not been profitable because of the lack of railroad trans- 
portation. There was no incentive to invest in the irrigation 
of lands, no matter how productive those lands might be, unless 
means were provided whereby the crops raised could be 
transported to market. The present prospects, however, for 
railroad extension into this territory places these projects in 
an entirely new light, and the development that is sure to 
follow the construction of railroads will far exceed our fondest 
hopes. 

In  all cases the one feature that determines the feasibility of 
these projects is that of water supply. The physical difficulties 
involved in the construction of dams, canals, and other irrigation 
works can be easily overcome, but the determination of water 
supply involves the element of time to  such an extent, that the 
problems connected therewith are not so readily solved. 

The water to be utilized on the land is to be drawn from the 
streams. In  nearly every case the entire yield of the drainage 
area must be utilized in order to  furnish a sufficient amount for 
the lands that lie favorably for irrigation from them. This re- 
quires an extensive development of storage reservoirs. In  
nearly every case the amount of land that can be reclaimed is 
dependent solely upon the amount of water that can thus be 
rendered available for this purpose. The necessity, therefore, 
of securing reliable water supply data can not be too strongly 
urged. The determination of this important feature involves 
careful measurement of all the streams in the territory and a 
determination of the actual amount of water flowing each clay 
in a year. The relation which stream flow bears to  the rain ani1 
snow fall makes it necessary to  study exhaustively the climatic 
conditions that obtain here. In  this country the inhabitants 
are so scattering that it is almost impossible to secure local 
observers of rainfall, temperature, or of river gage heights a t  
the points desired. I n  the determination of rain and snow fall, 
observations should be made at the higher altitudes. In these 
localities no inhabitants are found. The selection of rainfall 
stations, therefore, has been governed by the facilities for 
securing observations rather than by physical requirements. 

In 1903 the United States Reclamation Service instituted an 
investigation of the water supply for certain projects that were 
then under consideration. It was found that the knowledge 
required to determine the feasibility of these projects was 
entirely inadequate, and that nothing definite could be clone 
toward construction work until more information on the avail- 
able water supply could be secured. Funds, however, were not 
available for a continued study of the streams necessary, and 
only a few of the more important stations were maintained. 

I n  1908 a systematic study of the water supply of central 
Oregon was undertaken by the United States Geological Survey 
in cooperation with the United States Reclamation Service, 
the United States Weather Bureau, and the State of Oregon. 
An engineer was put into the field to  install rain and snow fall 
stations and gages a t  desired points on the streams of the terri- 
t o y  The determination of stream discharge requires frequent 
visits to these stations. At every visit measurements of dis- 
charge are made by means of a current meter. When these 
measurements or gagings cover a sufficient range in the stage of 
the streams, rating tables for each station can be prepared that 
will indicate the discharge in cubic feet per second for every 
stage of the river as indicated by the gage. Since gage readings 
are secured every day by local parties, i t  is thus possible to 
determine the discharge every day. The results of these in- 
vestigations appear in the annual publications of the United 
States Geological Survey. Those for 1903 will be found in 
Water Supply Paper No. 100; those for 1904 in Nos. 133, 134, 

and 135; those for 1905 in Nos. 176, 177, and 178; those for 
1906 in Nos. 212, 213, and 214; and those for 1907-8 in Nos. 
250, 251, and 252. Of the last 3 papers, only No. 252 has as yet 
appeared in print. 

The records obtained at  the rainfall stations are published in 
the periodic reports of the United States Weather Bureau, 
Since July, 1909, these will he found in the MONTHLY WEATHER 
REVIEW and in the separates of the 12 districts into which the 
United States has been divided for this work. 

In addition to  these rainfall ancl stream flow stations, a 
limited amount of data on the evaporation from water surfaces 
was secured. Evaporation pans were installed in Harney Lake, 
Christmas Lake, and in Klamath River. While these data are 
meager, incomplete, and widely scattered, they nevertheless 
furnish some very necessary information when investigating 
the feasibility of storage projects. 

The funds available for these investigations of water supply 
have not been commensurate with the necessity for the data, 
and on this account i t  has been necessary to spread the limited 
funds over a wide expanse of territory. Were i t  not for the 
cooperative agreements between the organizations above men- 
tioned, investigations would not have been possible. "he 
United States Geological Survey, through its engineers, secure 
data in the field, ancl analyze and publish them. The United 
States Reclamation Service pays one-half the cost of field ex- 
aminations for the investigation of stream flow.. The United 
States Weather Bureau has equipped with meteorological in- 
struments, and furnished and paicl observers for precipitation 
stations, and has compiled, analyzed, and published rainfall and 
snowfall data. The State of Oregon, through its State Engineer, 
is cooperating with the United States Geological Survey in secur- 
ing stream-flow data in the State. There is available each year 
by legislative appropriation $2,500 for this cooperation. This 
nioney is espenderl under the clirection of the United States 
Geological Survey, a portion thereof being used for the investi- 
gations in central Oregon. 

In  addition to  the Government bureaus engaged in this co- 
operative work, the support of a number of irrigation and power 
companies in the territory has been enlisted. In this manner 
gage observations at  many of the stations have been secured. 
At other points rainfall and snowfall data are being furnished 
voluntarily. No better plan of securing scientific data of this 
nature can be devised than that of hearty cooperation between 
all parties interested. In this work the State is probably the 
chief beneficiary. The Government's interest lies in the fact 
that the developnient of these nonproducing areas add homes 
to our civilization. 

-~ 

IRRIGATION IN THE WILLAME"E VALLEY. 
By JOEN H. LEWIS. State Engineer. 

For many years grain growing has been the leacling industry 
of the Willamette Valley, all of which is in private ownership. 
The average farm is probably 640 acres in extent, the tendency 
being to increase, rather than decrease, such area, because of 
the diminished yield to constant cropping. Diversified farming 
has been urged of late as a remedy, but this is possible only on 
selected lands which are retentive of moisture, or those which 
receive moisture through subirrigation. It is not contended 
that irrigation is necessary for all crops, for deep-rooted plank 
such as orchards are not affected by the long, dry summer. 
But, for truck garden, alfalfa, clover, small fruits, ancl vege- 
tables, irrigation in reasonable quantities is absolutely necessary 
for the highest yield. 

Dairying is destined to become the leading industry of the 
valley, because of the mild, open winters. The most serious 
obstacle, however, is the long, dry summer, when it is necessary 
to carry the herd on dry feed, the same as cluring the winter 
months in the East. This condition, however, can easily be 
remedied through the artificial application of moisture. It hanr 


